Abstract This empirical study examines the association between substance abuse, mental illness, health behaviors and different patterns of homelessness among recently released, HIV-infected jail detainees. Using longitudinal data from a 10-site study, we examine correlates of homelessness, transitions to and from stable housing and the effect of housing on HIV treatment outcomes. Based on our analysis, we found evidence that the transitions from homelessness are closely associated with a reduction in the use of alcohol and illicit drugs, a decline in drug addiction severity, and an improvement in mental health. In addition, we found evidence that disparities in the housing status contributed substantially to the observed gap in the HIV treatment outcomes between homeless and non-homeless patients, including in achievement of virological suppression over time.
Introduction
Incarceration, including the revolving door through jails and prisons, contributes to poor HIV treatment outcomes through a number of different mechanisms [1] . Important among these is the disruption of social networks, [2] [3] [4] resulting in destabilized housing [5] and increased HIVrisk taking behaviors [4] . Incarceration of HIV-infected drug users prevents entrance into social service and rehabilitation programs, resulting in social destabilization in which these individuals have limited effective treatment opportunities [6, 7] . Additionally, inadequate access to and provision of treatment for mental illness and lack of social support puts them at a greater risk of recurrent drug use [8] . The lack of enabling resources, combined with predisposing conditions such as substance use disorders (SUDs), conspire to negatively impact HIV treatment outcomes [9] [10] [11] . For HIV-infected drug users, recidivism and poor continuity of care upon release result in poor clinical outcomes and thwart public health efforts [12, 13] .
A sixth of all people living with HIV/AIDS (PLWHA) in the United States cycle through prison or jail annually, with nearly all doing so initially through a jail [14] . Therefore, reducing the vulnerability of the recently released HIV-infected jail detainees is a crucial component of coordinating post-release services and promoting optimal HIV treatment outcomes. Jail detainees, often released without a transitional plan, frequently face unstable housing circumstances, problems finding employment and loss of medical and social entitlements. Indeed, compared to their housed counterparts, homeless HIV-infected individuals who enter jail experience poor HIV treatment outcomes before incarceration [5] . The interdependence between incarceration and housing instability, drug and alcohol use, mental health and HIV poses many challenges for designing effective interventions that result in improved social and health outcomes [6] .
Homelessness and incarceration are syndemic and mutually reinforcing of poor treatment outcomes. Depending on location, available estimates suggest that between 23 % and 68 % of homeless individuals have a history of incarceration [15, 16] . Similarly, among the criminal justice population, between 10 % and 50 % experienced homelessness at some point in the year prior to incarceration [17] .
In studies that have analyzed the relationship between homelessness and retention in HIV care, unstable housing and homelessness have been shown to be associated with poor adherence to HIV medications and increased risk of death among PLWHA [18] [19] [20] . Compared with individuals who are stably housed, homeless individuals are particularly more likely to experience worse HIV health outcomes, including viral load and CD4 count determinations [18] [19] [20] . These findings reflect decreased access to and utilization of HIV care and ART and, for those who are prescribed ART, lower levels of adherence due to underlying mental illness and high rates of SUDs among those who return to the community [21, 22] .
Innovative community programs like the ''Housing First'' model that prioritize housing over other enabling resources, reflect the notion that once a person is provided with a stable place to live, all other factors, including health, are improved [20, 23, 24] . Transitional services for persons returning to the community from incarceration have demonstrated improved health outcomes when housing was incorporated [11, 25] . Further confirmation of this approach, however, is urgently needed for those with HIV infection to help policy makers and service providers to design and implement better interventions.
The Behavioral Model for Vulnerable Populations [5, 26] is a theoretical approach to incorporate a complex array of factors, including homelessness, that contributes to healthcare utilization and specific treatment outcomes. A depiction of this model is provided in Fig. 1 and described elsewhere for homeless populations [5] .
Data collected from the Health Resources and Services Administration's Special Project of National Significance (HRSA-SPNS) Enhancing Linkages to HIV Primary Care Services Jail Settings Initiative (EnhanceLink) program was examined to assess the following aims: (1) to examine factors that influence homelessness among HIV-infected recently released jail detainees at baseline and 6 months post-release; (2) identify factors that are associated with transitions to and from stable housing; and (3) assess the gap in HIV-related healthcare engagement that results from the individual's housing status. Additional details about the services provided at each site [27] , retention in HIV care [28] and substance abuse treatment outcomes [29] are described elsewhere.
Data and Sample Selection
The ten-site EnhanceLink initiative assessed an array of innovative interventions delivered to HIV-infected jail detainees who were transitioning to the community across ten geographically diverse U.S. communities [27] .
Although eligibility criteria differed slightly across sites, the study was generally restricted to HIV-infected detainees aged 18 years or older. New York, for example, excluded subjects who required independent case management services for mental illness, while Chicago included only women. From January 2008 to November 2011, 1,270 subjects underwent informed consent and were enrolled.
Among these, 403 (31.7 %) subjects were excluded from the analytical sample, including individuals who: (1) remained incarcerated and/or transferred to prison (N = 243); (2) were released from jail near the end of the study and did not have a full 6 months of post-release evaluation (N = 94); (3) died (N = 12); (4) moved away from the catchment area and were unavailable for followup (N = 26); (5) were administratively transferred to nonparticipating institutions (N = 26); or (6) were deported (N = 2). Compared to the 867 subjects who remained in the sample, excluded participants were more likely to be male and less like to be married or be in a stable relationship, and less likely to be re-incarcerated (most commonly because they were never released). Factors commonly associated with poor retention in care, such as substance abuse, medical co-morbidity, lack of previous HIV care engagement and baseline housing status, however, were not statistically different in the analytic and excluded samples, suggesting that bias was not introduced as a result of exclusion. Of the 867 subjects in the final analytic sample, 580 (66.9 %) also had data at the sixmonth evaluation (Fig. 2) .
The Institutional Review Board at Rollins School of Public Health at Emory University and Abt Associates approved the multisite study, and each site's IRB approved and oversaw individual site involvement. A certificate of confidentiality was also obtained for the study.
Study Instruments and Variable Definitions
Data were collected by each of the sites and entered into a common electronic database. Baseline data covered the current incarceration and immediate pre-incarceration periods and were collected through structured interviews at the time of incarceration; jail-based medical chart reviews of the detainees were compiled while the detainees remained incarcerated. Follow-up data provided by each site covered the interim period over the 6 months following release from jail, and included a structured interview, clinic based medical chart review, and case manager reports of community-based services provided. Homelessness was defined previously by self-report if the subject indicated that they were either homeless or if they indicated that in the previous 30 days they had slept in a shelter, the street or a park, an empty building, a bus station or in some other public space [5] . The variable was measured at baseline and in 6-month post-release period. Independent variables were gleaned from our conceptual framework, the Behavioral Model for Vulnerable Populations, that have previously been used to study homeless populations [5, 30, 31] . The independent variables, aside from health beliefs that were not measured, are included in Fig. 1 , and are measured at the baseline and in the end of the 6 month post-release period as well.
As a proxy for predisposing factors and as control for heterogeneity, a number of self-reported baseline demographic variables were included such as age, gender, race and ethnicity, educational level and relationship status. Being in a relationship was defined based on whether the individual reported being married or in a committed relationship. Drug use and mental disorders were by self-report from the Addiction Severity Index, 5th Edition (ASI). Specifically, the information on respondent's recent drug use history (30 days prior to the interview at baseline and 6 months) was also included with an emphasis on cocaine, heroin and alcohol. In addition to drug use, several measures of mental health were also included for all participants in the analysis: a measure of whether the subjects reported experiencing severe depression or anxiety in the 30 days leading up to the interview (baseline and 6 months) and whether the subject was diagnosed with bipolar disorder while incarcerated. In addition, the 12-item Short Form of the Medical Outcomes Study (SF-12) was used to assess health-related quality of life (HRQoL). Composite sub-scores from this instrument assessed physical and mental well-being as continuous variables and were included in the analysis for the two time periods that were assessed.
The enabling resources included health insurance status at the time of incarceration and food insecurity. Food insecurity was defined based on self-reported gaps in food consumption (longer than 2 days) in the 30 days prior to the baseline assessment and 6 month assessment.
Need factors often include measures of disease severity and health beliefs about illness. We, therefore, included substance abuse severity and active medical conditions among the covariates for the baseline as well as the 6 month follow-up period. To assess substance abuse severity, the ASI composite score for drugs was calculated based on the data on the consumption of heroin, cocaine, methadone, non-prescribed opiates, barbiturates, amphetamines, cannabis, hallucinogens, and multiple drugs, as well as subjects' perceptions about importance of drug treatment and severity of the subject's addiction [32] . A cutoff of 0.12 was employed based on existing literature demonstrating 85 % sensitivity and 86 % specificity at this threshold [33] . Alcohol use severity was calculated from the ASI using a cutoff value of 0.15, based on literature demonstrating 86 % sensitivity and 80 % specificity associated with alcohol dependence [32] [33] [34] [35] . The severity of mental illness was ascertained from the ASI psychiatric component and was analyzed as a dichotomous variable with a cutoff of 0.22 since this threshold previously was demonstrated to have 90 % specificity and 71 % sensitivity in identifying mental illness [32, 33, 35] . In addition, whether any psychiatric medications were prescribed in the 30 days leading up to the interview was included as a binary indicator. Other medical co-morbidities were based on self-report if the subject indicated that they had been diagnosed for the condition.
Indicators measuring re-incarceration, as reported in the first month following the release from jail as well as the six-month follow up, were used to monitor individuals who returned to jail. Other health outcomes assessed in our analysis included: whether the participant self-reported being on ART, and virologic suppression (\400 copies/ mL). Adherence was measured using the visual analog scale [36] and high levels of adherence were defined as having taken 95 % or more of the doses in the 7 days prior to incarceration.
Statistical Methods

Missing Data
On average, less than 7 % of selected data missing at the baseline was also missing at the 6 months. In addition, approximately 33 % of the sample did not have a follow-up interview at 6 months. To address concerns about missing data, a series of multiple imputations were performed using a Markov Chain Monte Carlo (MCMC) simulation conditional on the variables that were observed. Our analysis showed that with 20 imputed data sets the relative efficiency attained was 99 %. We used Rubin's rules to combine the results from various imputations in each of our analyses [37] .
While the Missing at Random (MAR) assumption cannot be tested directly [38] , we performed sensitivity analysis by examining the performance of the models exhibiting departures from the MAR assumption. Overall, we can report that the results were robust and not sensitive to the MAR assumption. As a further assessment of robustness and an alternative to multiple imputation procedure, we estimated a series of Heckman's sample selection correction models and found that the key parameters in the Heckman's type models were poorly identified, allowing us not to report the results from these models.
Aim 1: Factors Associated with Homelessness To assess the relationship between housing status and the selected covariates, several logistic regressions were estimated. First, we performed cross sectional analysis for each of the two assessments (i.e. baseline and 6 months) predicting the probability of being homeless as a function of the independent covariates at each of the time points. The covariates with a P B 0.10 in the univariate analysis, as determined by the Wald test, were included in multivariate analysis. In addition, Akaike Information Criterion (AIC) were used to discriminate among the multivariate models. The v 2 test was used to assess the overall goodness-of-fit assessing the null hypothesis that the logistic model is not appropriate for these data.
Aim 2: Dynamic Transitions Between Homelessness & Housing
In the second part of the analysis we examined the association between the change in various covariates between the two time points (baseline and 6 months) and the transition to and from stable housing. Initially we restricted our sample to those individuals who were homeless at baseline, and estimated a logistic regression predicting the probability that the individuals were housed at six-months. Again, P values from the univariate model, and the AIC were used to select the final model specification. The v 2 test was used to assess the overall goodnessof-fit. Then we repeated the analysis for the sample which was housed at baseline and analyzed the transitions from stable housing in the same manner.
Aim 3: Counterfactual Analysis of the Effect of Housing on HIV-Care Outcomes To assess the gap in the engagement in HIV-care among housed and homeless individuals, we employed a validated propensity score matching method [39] , which has the advantage of allowing us to draw causal inference using observational studies [40] [41] [42] [43] . In this case, we used the propensity score analysis to investigate the size and the scope of the difference in selected HIV treatment outcomes that were due to the differences in housing status. In the first step, we estimated the probability that each individual in our sample was homeless at baseline and at 6 months, using the model we identified for the first aim. Then we used the nearest-neighbor algorithm to match the individuals based on their propensity score and then computed the average difference among individuals in each of the four outcomes: access to HIV-care provider, receipt of ART, C95 % ART adherence, and virological suppression. We computed Abadie and Imbens standard errors, which are meant to correct for the shortcomings of the bootstrap method [44, 45] . We initially performed the analysis for baseline data, and then repeated the analysis using 6-month data. Last, we tested the sensitivity of the MAR assumption by using a conservative estimate of participation in the HIV care by replacing missing observations with negative (zero) outcomes. We also tested the sensitivity of the matching algorithm by using several methods such as nearest neighbor with calipher ( [46] ), Mahalanobis matching ( [47, 48] ) and a kernel based method ( [49] ). The results were robust and similar across the selected class of estimators. All statistical analyses were conducted using STATA v.12 [50] .
Results
The baseline for all participant characteristics for those with baseline and 6-month data are provided in Table 1 . Most subjects were male, black, unmarried, in their 40s, had not completed high school and were using cocaine in the 30 days prior to incarceration; 38 % of the respondents in the full sample (and 35 % of the individuals who had 6 months of data) were homeless at baseline. At six-month assessment, however, the percentage of homeless subjects declined to 21 %. After accounting for attrition, homelessness decreased among this population between preincarceration and 6 months post-release. The decline in homelessness resulted primarily because the number of individuals who became housed within 6 months is larger than the number of individuals who lost their housing within the same time period (Fig. 3 ).
Aim 1: Factors Associated with Homelessness
A comparison among factors that were associated with homelessness across time reveals several patterns. First homeless individuals were more likely to report a lack of enabling resources such as health insurance, food availability and housing. Second, homeless individuals were more likely to be re-incarcerated after the release from jail. The analysis of enabling resources at the community level reveals that the average service utilization rate was approximately 38 % among homeless and non-homeless in the full sample. Homeless participants were no more likely to use the community-based services than the non-homeless. One notable exception, however, was appointments made with a housing coordinator. Clients who were homeless at baseline were more likely to meet with a housing coordinator within one month of release than non-homeless clients.
In addition homeless individuals were more likely to report active drug use, especially cocaine, and were more likely to report higher levels of drug and alcohol use severity. For example, the conditional odds of active cocaine use on being homeless are 66 % higher than the odds of a non-user being homeless at baseline and 173 % higher after 6 months. In addition, homeless PLWHA are more likely to have mental illness, especially depression and anxiety. For example, the conditional odds of an individual with high psychiatric severity being homeless are almost 50 % higher than conditional odds of being homeless for an individual who has no psychiatric severity. The results indicate that the health outcomes and the quality of physical and mental scores among the homeless are worse than among the individuals who were housed at baseline and 6 months post-release (Table 2 ).
Aim 2: Dynamic Transitions Between Homelessness & Housing
The analysis of homelessness dynamics provides important insights into factors that contribute to stabilization of the lives of PLWHA (Table 3) . Improvements in the enabling resources such as provision of basic needs, access to food, substance abuse treatment and health insurance are associated with increased likelihood of homeless individuals finding stable housing within 6 months of post release. While improvements in drug use severity, especially decreases in heroin and cocaine use, are significantly associated with transitions into stable housing, the associations do not remain as robust after controlling for other independent variables.
The analysis also reveals that those individuals who were more likely to continue using cocaine and heroin and were more likely to experience deteriorations in their mental health after being released from jail were also more likely to have lost their housing and experienced ''destabilization'' after jail release (Table 4 ).
Aim 3: Counterfactual Analysis of the Effect of Housing on HIV-Care Outcomes
Propensity score matching indicated that housing status had a significant effect on engagement in HIV treatment at the baseline and after 6 months. Based on potential outcomes framework, we estimated in Table 5 that individuals experiencing homelessness were less likely to have been engaged in HIV care as measured by (1) having an HIV care provider (2) take any ART in the past week and (3) achieving C95 % ART adherence. The effect was particularly strong in the baseline sample, and was not statistically significant in the 6 month data.
While there were no significant average differences in the inferred probability of virological suppression at the baseline, by 6 months we estimated that average difference in virological suppression between homeless and housed was as high as 15.6 % (56.6 % vs. 41.0 %). Once we controlled for attrition, the percent of individuals who were virologically suppressed increased in the entire sample, yet The frequencies are based on actual data and estimates from a multiple imputation procedure * Observed at 6 months means the individuals had the 6 month interview, and unobserved means that they did not have the 6 month interview AIDS Behav (2013) 17:S181-S194 S187 the results indicate that housed individuals were able to attain virological suppression in larger frequencies than individuals who experienced homelessness in the postrelease period. Additional simulations indicated that the gap in HIV treatment outcomes of homeless and housed individuals was neither sensitive to the missing data assumption nor to the choice of matching algorithm.
Discussion
In this large, multisite study of released HIV-infected jail detainees, homelessness is common and dynamic. Though dynamic, transition to and from homelessness following incarceration was associated with a complex array of interrelated factors, including mental illness, recurrent drug use and availability of basic needs. The multifaceted interactions between homelessness and incarceration present critical challenges for engagement in HIV care and persistence in HIV treatment. In this sample, high levels of addiction severity, drug use itself, and psychiatric disorders were strongly correlated with homelessness, suggesting a particular need for diagnosing, treating and ensuring continuity of treatment along with provision of additional social support for PLWHA after release from jail. The findings confirm those from the pre-incarceration period from this same cohort, suggesting that services should be initiated and continued from the time of entry into jail and maintained continuously thereafter [5] . HRQoL for both physical and mental well-being was significantly worse for the homeless. The high prevalence of depression and psychiatric disorders among the homeless population underscores the importance of diagnosis and treatment. Treatment of mental illness has been demonstrated to improve retention in care and HIV outcomes in other settings and it stands to reason that it would hold true for this population as well [26] . Moreover, for newly housed participants, the levels of depression, anxiety, and psychiatric severity improved over time, while those who lost housing (became destabilized), experienced deterioration in their depression and heightened psychiatric severity. This suggests that the housing status and psychiatric health may be interrelated and reinforce each other.
The correlations between the improvements of food security, health insurance and homelessness underscore the importance of addressing basic needs first, since these appear to be prerequisite to attaining higher needs, like engagement in HIV care, that often complicate the lives of destabilized persons transitioning from jail. These findings therefore lend empirical support to the theory of hierarchy of needs [51] . Struggles with food insecurity and lack of housing have been shown to interfere with linkages to services and continuity of care [30] .
We found evidence that homeless individuals are less likely to have an usual HIV provider, less likely to be prescribed ART, and after 6 months, are less likely to be virally suppressed than individuals who are fully housed. The implication of the gap in HIV treatment engagement suggests that the vulnerability of the homeless individuals translates into inferior outcomes in the longer run, and even though the full sample has improvements in HIV care engagement over time, the improvements are not uniformly distributed between homeless and housed individuals. Findings here for the post-release period highlight the importance of providing a number of critical enabling resources to the vulnerable population of homeless individuals to ensure continuity of care.
The analysis of transitions from homelessness to housing reveals that SUDs, chronic and relapsing conditions, are closely associated with chronic homelessness. In this case, reducing substance use relapse itself and lowering addiction severity is directly correlated with reductions in homelessness. According to our findings, those individuals who reduce their consumption of heroin and cocaine are more likely to transition out of chronic homelessness while those who relapse back to drug use are more likely to remain chronically homeless. These results highlight the crucial role of evidence-based drug treatment for PLWHA in jails. Moreover, it lends empirical support for the effective treatment of alcohol use disorders as part of a transitional plan [52] . In the case of individuals with opioid or alcohol dependence, the use of medication-assisted therapies, such as methadone, buprenorphine or extended release naltrexone may be used for treating opioid dependence [6, 7, 22] and extended-release naltrexone for alcohol use disorders [53] may provide benefit. The fact that a complex array of factors were associated with homelessness reinforces the need to create and test multifaceted interventions in order to achieve optimal outcomes.
Linkage services play an important role in the retention and participation of clients in the health care system and ART adherence. Our finding of poor engagement in HIV and other treatment services and high attrition rates from care, implies that the existing post-release array of community services, primarily case management, has considerable room for improvement.
There remain several limitations to this longitudinal study. First, given the non-random sample in the observational study, the causal pathways between variables are challenging, as the causal relationships likely run in several directions and may be related to unobserved heterogeneity. For example, the individuals who experience depression and have SUDs may not be able to find housing or work because of the lack of financial resources (e.g. first and last month's rent) and prevailing barriers to meaningful employment due to criminal record. This may in turn compound worsened sense of despair, depression and anxiety, which negatively influence motivation for seeking stable housing. The measure of homelessness, which is based on selfreport is itself problematic for several reasons. First of all, the measure might be underestimating the number of individuals experiencing homelessness in the 6-month interval, since the question only addresses the 30 days prior to the interview. The analysis of the variable based on the housing needs identified by the case manager reveals that nearly 44 % of those individuals who were ''non-homeless'' at baseline, identified a need for housing within one month of release, while 55 % of homeless individuals did not reveal a need for the housing. This suggests that the homeless status could be measured with error and, as a result, lead to a bias in our estimates.
Another limitation is that modeling propensity scores can only account for observed covariates. Unobserved factors that may influence homelessness are not accounted for in the matching procedure. Even though our sample is large enough and the overlap between ''treatment'' and ''control'' groups are significant, there may still be hidden bias due to unobserved heterogeneity.
Despite these limitations, the EnhanceLink evaluation provides crucial insight into what is needed to improve outcomes of some of the most medically and socially vulnerable individuals in society-PLWHA who are transitioning from jail. In order to achieve parity for these individuals, a complex array of services are needed, including stable housing, to optimize HIV treatment outcomes. Such interventions have the high likelihood to improve health and well-being for the individual, but to additionally improve outcomes for society.
Conclusions
The vulnerability of the released PLWHA transitioning from jail is particularly acute and complex, as such individuals must overcome a myriad of social, health and economic problems including homelessness, substance abuse, mental illness, declining physical HRQoL and unmet basic needs. Addressing fundamental housing needs is an essential factor in promoting HIV treatment adherence and positive outcomes among this population. 
